The effect of dietary phytate-free soybean protein (PFS) on intestinal mineral absorption and retention was examined in growing male rats using a three-day mineral bal ance technique. The rats were fed diets containing PFS, soybean protein isolate (SPI) or ca sein at a 20% level for 5wk. Total calcium (Ca), magnesium (Mg), phosphorus (P), iron (Fe) and zinc (Zn) contents in diets were adjusted to 0.35, 0.05, 0.7, 0.0035 and 0,003%, re spectively, by supplementation of the diet with their salts. Mineral absorption and retention ratios in rats fed the PFS diet were significantly higher than those in rats fed either the SPI or casein diet. These results suggest that PFS may be a promising dietary protein source for improving the mineral bioavailability in humans.
Soybean has been utilized as a dietary protein source for many years in Japan and many other countries. Recently, intense interest has been focused on its biolog ical importance, from a nutritional point of view, in maintaining the normal metabolism of proteins, lipids and minerals in humans, Epidemiological studies indi cate that the consumption of soybean-containing diets has been associated with a low incidence of certain human cancers, ischemic heart failure and osteoporosis in Asian populations relative to Caucasians (1) (2) (3) (4) . Soybean includes isoflavones in large amounts, among which genistein is well-known to inhibit the prolifera tion of radiation and chemical-induced tumors in the mammary (5), skin (6) and liver (7) , and is generally accepted as anticarcinogenic along with its products. Moreover, soybean protein has been reported to have a greater cholesterol-lowering effect than animal proteins (8) (9) . Despite a number of nutritional advantages, soy bean or its protein contains 1-5% phytic acid (myo-in ositol hexaphosphoric acid) by weight, which serves as a chelator of several nutritionally important minerals (10) and may be at a disadvantage in their bloavailabil ity in animals and humans (11) . In this connection, the inhibitory effect of phytic acid in soybean on mineral absorption has been examined using a balance study and isotopic tracer techniques. For instance, Morris and Ellis. (12) studied the bioavailability of Fe and Zn in wheat bran on the basis of hemoglobin repletion and the incorporation efficiency of Zn into the femur when rats were fed a dephytate-or a nondephytate-wheat bran diet, and confirmed that the phytic acid in wheat bran significantly reduced the bioavailability of Zn and Fe. In analogy wheat bran, soybean and its protein con taining phytic acid in large amounts may well have a similar effect on mineral absorption; nevertheless, this has not yet been confirmed. The reason is because it was long difficult to remove phytic acid from soybean. To date, it has been confirmed that low-phytate or phy tate-free soybean protein isolate has positive effects on Ca (13, 14) , Zn (15) and Mn (16) absorption in hu mans. However, these studies were mainly done by a single dosing of low-phytate soybean together with ra diolabeled minerals, and by monitoring intestinal ab sorption and body retention of radiolabeled minerals. There is little information concerning intestinal absorp tion and retention of minerals and trace elements in the presence or absence of phytic acid as a dietary compo nent. We have established a method of removing phytic acid almost completely from fat-free soybean protein isolates. Previously, we compared Ca, Mg and Zn ab sorption in rats fed phytate-free soybean protein (PFS) diet with that in rats fed soybean protein isolate (SPI) or casein diet for 10d, and confirmed that Mg absorption in rats fed the PFS diet was significantly higher than that in rats fed the SPI or casein diets (17) . However, Ca and Zn absorption tended to be high in rats fed the PFS diet. In the present study, we performed mineral bal ance studies on Ca, Mg, P, Fe and Zn absorption in rats fed PFS, SPI or casein diets for 5wk, We also examined changes in plasma and bone Ca metabolism-related pa rameters in the same animals.
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RESULTS

Body weight, tissue weight, food intake and food efficiency ratio
Initial and final body weights, tissue weights, food in take and food efficiency ratios of the rats fed the PFS, SPI and casein diets for 5 wk are presented in Table 2 .
There were no significant differences in body and tissue weights, nor in food intake or food efficiency ratios among the three groups. No abnormality in tissues or organs was observed for any of the rats.
Mineral absorption and retention
The results of measuring mineral balance through 3 d at 2wk during the feeding period are presented in Table 3 . There were no significant differences among the three groups for absorption and retention ratios for minerals except Zn in the SPI group. At 5wk, the PFS group showed significantly higher absorption and re tention ratios for Ca, Mg and Fe than the SPI and casein groups (Table 4) . Moreover, the P-absorption ratio in the PFS group was significantly higher than those of the SPI and casein groups, although the P-retention ratio was similar among all groups. The absorption and retention ratios for Zn in the PFS group were signi fi cantly higher than the casein group, although there was no significant difference between the PFS and SPI groups. were no significant differences in plasma 25(OH)D3 and PTH levels among the three groups.
Bone parameters
The values of BMD, mechanical bone strength (MBS) and bone ash weight (BAW) of femurs are presented in Fig. 3 . Despite the higher absorption and retention ra tios for minerals in the PFS group, there were no signi fi cant differences in BMD, MBS or BAw among the three groups, except that the SPI group showed a slightly but significantly higher BMD than the PFS group. With re spect to femur Ca and Mg concentrations, there were no differences among the three groups (data not shown).
DISCUSSION
Phytic acid is a major component of all plant seeds, and has several physiological functions in the storage of phosphorus (22) and cations (23), or protection from oxidative damage (24) during dormancy or germina tion. Since phytic acid with six phosphoric groups in the molecule (25) is in chair-conformation in dilute so lution, it has tremendous chelating potential and forms insoluble complexes with polyvalent cations, thereby lowering the bioavailability of minerals or other trace elements. In addition to interacting with metal cations, phytic acid precipitates many of the proteins at low pH in the absence of cations by binding to protonated basic residues (26) and at high pH in the presence of cations, presumably by forming a ternary protein-metal-phytate complex. Accordingly, phytic acid present in SPI used in this study is likely to form such a complex with soybean protein. In contrast, PFS which was prepared by acid precipitation using a high concentration of NaCl, is considered to be almost phytic acid-free (estimated con® tent, 0.15 %) because of dissociation of phytic acid from a cation-protein complex.
Our balance study at 5wk clearly demonstrated that the PFS group was superior to the SPI group in both in testinal absorption ratio (Ca, 7%; Mg, 10%; P, 4%; Fe, 10%; Zn, 4%) and retention ratio (Ca, 7%; Mg, 14%; Fe, 10%). On the other hand, our balance study at 2wk failed to show superiority of the PFS group in these re spects, although the PFS group tended to be higher than the other groups in Ca, Mg and P absorption ra tios. A plausible explanation is that dietary adaptation of mineral absorption may have occurred in the PFS group at 2wk but not at 5wk.
In our present study, highly increased Ca, Mg or Fe absorption and retention ratios were observed for rats fed the PFS diet. There are several reports concerning the effect of phytic acid on Ca, Mg and Fe absorption in humans. For example, Heaney et al. (14) reported that Ca absorption in humans given soybean with a low phytate content, actually labeled with 45Ca, was 1.3 -fold higher than that in humans given soybean with a Consequently, they could not find any changes in the Mg balance by dietary phytic acid intake. We also found a decrease in fecal Mg excretion in response to the de creased phytate consumption, although urinary Mg ex cretion did not change, indicating that a positive Mg balance occurred in the rats. In addition, we found a significant increase in the plasma Mg level of the PFS group. At present, the reason for inconsistency between our observation and Morris's report remains unclear. A difference in species (humans and rats) or PFS diet may be responsible for the inconsistency. Simpson et al. (29) examined the effects of whole wheat bran and its com ponents on the absorption of dietary nonheme Fe in human volunteers using a double isotopic technique. When 12g of bran was added to a light meal, Fe ab sorption was lessened by 51 to 74%. Their studies, in which dephytinized bran was separated into a soluble phosphate-rich fraction and an insoluble high-fiber fraction, indicated that the soluble fraction was more inhibitory than the insoluble fraction. In the present study, it was found that the Fe absorption ratio in the PFS diet was significantly higher than that in the casein diet, suggesting that PFS is more effective than casein in improving Fe absorption in rats. Since Fe coexists with phytic acid in plant food and its bioavailability is usually low, the elimination of phytic acid from foods such as soybean protein isolate would be beneficial for absorp tion and retention of Fe. The Zn absorption in the PFS group tended to be higher than that in the other two groups, although not significantly. It has been reported that an inhibitory effect of phytic acid on Zn absorption occurs more easily in a high-Ca diet than in a low-Ca diet (30, 31). In the present study, the Ca level in the PFS diet was slightly lower or nearly normal. Therefore, it is possible that the inhibitory effect of phytic acid on Zn absorption is not high. In fact, a positive effect of de phytinization was not observed. We demonstrated that the removal of phytic acid from soybean protein led to increases in mineral ab sorption and retention ratios in the PFS group as com pared to the SPI and casein groups. We speculate that highly absorbed minerals, especially Ca, in the PFS group would be utilized in tissues responsible for Ca and other mineral metabolism. However, there was no sig nificant positive effect on bone mineral metabolism in rats. Omi et al. (32) reported that soybean milk or its peptide is an excellent source for increasing BMD and MBS in ovariectomized rats. Therefore, there is a possi bility that PFS may be effective under osteoporotic con ditions or in a long-term experiment. and PTH in the plasma, respectively. In the present study, there were no significant differences in plasma Ca and PTH levels among the three groups . A bone turnover marker, Alp activity, was significantly higher in the PFS group than in the SPI or casein groups , al though no significant difference in plasma PTH level or bone parameter was observed between the PFS and SPI groups. It is well-known that Alp activity is a biochemi cal parameter which reflects the nutritional status of Zn in mammals (34). In our study, there was a positive cor relation between Alp activity and the absorption and re tention ratios of Zn among the three groups . Therefore, we concluded that an increase in Alp activity in the PFS group would be a reflection of increased Zn bioavailabil ity. In our previous work (17), we examined plasma urea level, as a marker of renal function, in rats fed the same experimental diets as in the present study and found no calcification in the kidney. In this analogy , it may be said that calcification does not matter so much . Further study is, however, needed in this respect . 
